Abstract
INTRODUCTION
Rectal cancer patients with ultra-low anastomosis (anastomosis level ≤ 5 cm from the anal verge) have a high incidence of anastomotic leakage (AL), with the reported rates ranging from 9.4% to 12.3% [1] [2] [3] . In addition, several studies have shown that male sex (p < 0.001), body mass index (BMI) ≥ 25 kg/m 2 (p = 0.05), American Society of Anesthesiologists (ASA) score ≥ 3 (p = 0.04), tumor size ≥ 5 cm (p = 0.05), preoperative chemoradiotherapy history (p = 0.02), long operative time (p = 0.0002), and number of stapler firings ≥ 3 (p < 0.001) are all risk factors for AL in rectal cancer patients [4] [5] [6] [7] [8] [9] [10] . AL is a serious complication in that it extends hospitalization time, increases expense, delays subsequent therapy, and increases perioperative mortality [5] [6] [7] . Studies show that prophylactic ileostomy plays an important role in reducing the incidence of AL in patients with one or more of the above-mentioned factors [11] [12] [13] [14] . During conventional laparoscopic anterior resection of rectal cancer, a vertical or horizontal incision in the lower abdomen about 5 cm long was utilized to extract the specimen, and then a circular incision about 4 cm in diameter was made in the right lower quadrant to complete the ileostomy. With ongoing developments in minimally invasive surgery, we tried an innovative method at the National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College beginning in June 2010 that involved surgical specimen extraction through a prophylactic ileostomy procedure so as to avoid making a vertical or horizontal incision in the lower abdomen. Herein, we describe this surgical innovation and analyze its safety and feasibility.
MATERIALS AND METHODS

Patients and clinical protocol
The ethics committee at our institution approved this retrospective study, and it conformed to the ethical standards of the World Medical Association Declaration of Helsinki. The data from all consecutive patients with rectal cancer who underwent laparoscopic anterior resection and prophylactic ileostomy in our institution from June 2010 to October 2016 were compiled and included in this study. All of these patients had been diagnosed with rectal cancer before undergoing surgery. Preoperative examinations, including routine blood tests, serum carcinoembryonic antigen (CEA), chest radiography, electrocardiograms, abdominal and pelvic computed tomography scans, and pelvic magnetic resonance imaging, were used to evaluate the operative approach. The patients themselves selected the surgical procedure after the benefits and risks were explained explicitly. All of the surgeons in this study performed both types of surgery. The pathological specimens were examined by two pathologists who specialized in colorectal cancer.
Tumor staging was performed based on the criteria from the 7 th edition of the American Joint Committee on Cancer (AJCC) manual. Postoperative pain was evaluated by the patients using the "visual analog scale" (VAS) of 0 to 10, with 0 representing no pain and 10 representing the worst pain imaginable. Clinical characteristics, operative outcomes, pathological outcomes, postoperative complications, and follow-up information were recorded in our database.
Surgical procedure
In the operating room, anesthesia was induced, and the patient was placed in the modified lithotomy position for the laparoscopic procedure. A four or five-port technique was used. The surgeon and the camera operator stood on the right of the patient, while the assisting surgeon stood on the left. Abdominal inflation pressure was maintained at approximately 15 mmHg. Division of blood vessels, dissection of lymph nodes, and abscission of the distal intestine were then performed laparoscopically. Total mesorectal excision (TME) principles were followed. In the experimental group, the specimen extraction was performed via an incision with a diameter of about 4.5 cm in the right lower quadrant, and then the surgical specimen was extracted. After abscising the proximal intestine and implanting the stapling head, the pneumoperitoneum was re-established, and a colorectal anastomosis was performed using a stapling technique. Finally, the ileostomy procedure was performed via the incision ( Figure 1A ). In the control group, a vertical or horizontal incision with a length of about 5 cm was made in the lower abdomen to extract the specimen, and an anastomosis was done by the same method as in the experimental group, and then a circular incision with a diameter of about 4 cm was performed in the right lower quadrant to complete the ileostomy procedure ( Figure 1B) .
The single-use incision protectors were used to protect incisions from pollution or cancer cell implantation for both procedures when taking out the surgical specimen via the incision. Laparoscopic surgery had been planned for all of the patients, but it was necessary to convert several of the procedures to open surgery.
Follow-up
After hospital discharge, patients were advised to have follow-up monitoring by their doctors every 3 mo during the first 2 years, every 6 mo for the next 3 years, and then yearly visits after 5 years. The beginning of the follow-up time was set at the first day after surgery, and the end was set at June 30, 2017.
Definitions
The positive circumferential resection margin (CRM) was considered as microscopic tumor less than 1 mm from the mesorectal fascia. Disease free survival (DFS) was defined as the period from surgery to death or disease recurrence. Overall survival (OS) was defined as the period from surgery to death.
Statistical analysis
Patients who required conversion were included in their intended group, because the data were analyzed on an intention-to-treat basis. Quantitative data that were normally distributed are presented as mean ± SD, and were analyzed by the Student's t-test. Categorical data are presented as number and percentage, and were analyzed by the chi-squared test or Fisher's exact test. Survival analysis was performed by the Kaplan-Meier method, and survival was compared by the log-rank test. All the tests were two-sided, with a p-value < 0.05 used as the threshold for statistical significance. The Statistical Package for the Social Sciences (SPSS) version 21.0 for Windows (IBM Corp, Armonk, NY, United States) was used for data analyses.
RESULTS
Clinical characteristics
A total of 331 consecutive cases were included in our study, including 155 (46.8%) cases in the experimental group and 176 (53.2%) in the control group. There were no significant differences in terms of gender, age, BMI, ASA score, or history of neoadjuvant chemoradiation between two groups (Table 1) . No deaths occurred during the perioperative period.
Operative outcomes
Operative outcomes are shown in Table 2 . Mean opera- Figure 1 Specimen extraction via a prophylactic ileostomy procedure or an incision. A: Specimen extraction via a prophylactic ileostomy procedure. After cutting off the distal intestine, the surgical specimen was extracted from the abdominal cavity via the stoma protected by the single-use incision protector. And then the ileostomy procedure was performed after finishing the anastomosis. B: Specimen extraction via a small lower abdominal incision. After cutting off the distal intestine, the surgical specimen was extracted from the abdominal cavity via the vertical incision protected by the single-use incision protector. And then the ileostomy procedure was performed after finishing the anastomosis.
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with positive distal margins or positive CRM in either group.
Postoperative complications
Postoperative complications are summarized in Table 4 . Although the average diameter of the stoma was larger in the experimental group, there were no statistically significant differences in the incidence of stoma-related complications, including infections, retractions, bleeding, or parastomal hernia. The incidence of wound infections was lower in the experimental group than in the control group (0% vs 4.0%, p = 0.016). Three patients underwent reestablishment of stoma because of stoma necrosis, and five patients underwent debridement and suturing procedure because of incision infection in the control group. No statistical differences were found with respect to intestinal obstruction, urinary retention, cardiopulmonary complications, or re-operation.
Survival outcomes
The mean follow-up period was 40 mo (range 7-84 mo) in the experimental group and 41 mo (range 6-84 mo) in the control group (p = 0.781). No patients suffered from local recurrence in the specimen extraction sites in both groups. The estimated 5-year DFS rate was 60.0% in the experimental group and 64.5% in the tive time was significantly shorter in the experimental group compared with the control group (161.3 ± 21.5 min vs 168.8 ± 20.5 min, p = 0.001). Mean estimated blood loss was significantly less in the experimental group than in the control group (77.4 ± 30.7 mL vs 85.9 ± 35.5 mL, p = 0.020). The mean diameter of the stoma was significantly larger in the experimental group (4.7 ± 0.5 cm vs 4.0 ± 0.6 cm, p < 0.001). The pain on the VAS reported by patients in the experimental group during the first two days after surgery was significantly reduced compared to the control group (p < 0.001 and p = 0.012, respectively). There were no significant differences in time to first flatus, time to first oral intake, or postoperative hospitalization. There were five and six cases of conversion to open surgery in the experimental group and the control group, respectively (p = 1.000).
Pathological outcomes
Pathological results are summarized in Table 3 . There were no significant differences in the findings, including tumor size, lengths of the proximal and distal resection margins, number of lymph nodes harvested, and number of patients with < 12 lymph nodes harvested, differentiation degree, pathological patterns, nerve and vessel invasion, or pTNM stage. There were no cases 
DISCUSSION
With increased life expectancy and improved standards of living, the incidence of rectal cancer is increasing in China [15] . The most distinguishing feature of rectal cancer in the Chinese population is that the majority (60%-75%) are lower rectal cancer, which has higher proportions than those reported in Western populations [16, 17] . Surgery is the mainstay of treatment for rectal cancer. In the past, abdominoperineal resection was the standard of care, with sigmoidostomy negatively impacting the patients' quality of life. At present, the exciting prospect is that there is an increased probability of successfully performing reanastomosis and anal-sparing procedures for patients with lower rectal cancer as a result of the advances in surgical technology and improvements in operative procedures [18, 19] . However, the possibility of AL is greater for cases with ultra-low anastomoses, which can increase the perioperative mortality and affect long-term survival. There are not only procedure-related factors, such as longer operative time, ≥ 3 stapler firings, and ultralow anastomosis, but also demographic risk factors, such as male sex, BMI ≥ 25 kg/m 2 , ASA score ≥ 3, tumor size ≥ 5 cm, or a history of preoperative chemoradiotherapy. These all have proven to be risk factors for AL in rectal cancer patients [4] [5] [6] [7] [8] [9] [10] . Several studies [20] [21] [22] [23] reported the effects of the use of rectal tubes on the occurrence of AL, but the results of a meta-analysis [4] indicated that there was no statistically significant association (OR = 0.48; 95%CI: 0.20-1.12, p = 0.09). Thus, it appears that postoperative AL cannot be reliably prevented by placement of a rectal tube only. Prophylactic ileostomy procedure has been widely adopted to prevent AL and its impact on decreasing this adverse outcome has been widely verified [11] [12] [13] [14] . The rectal cancer surgery reported here tends to dissociate the rectum laparoscopically and extracts specimens via a small incision. In our study, we combined extracting the surgical specimen and performing the prophylactic ileostomy procedure at the outset. Therefore, the small incision was not employed. In theory, this approach embodies the benefits of minimally invasive surgery. In our study, the primary results indicated that patients in the experimental group had a decreased incidence of wound infections (0% vs 4.0%, p = 0.016), and less pain during the first two postoperative days (2.6 ± 0.8 vs 3.1 ± 1.1, p < 0.001 on day 1; 1.6 ± 0.6 vs 1.8 ± 0.7, p = 0.012 on day 2) compared with the control group. In addition, compared with the patients in the control group, patients in the experimental group had shorter operative time (161.3 ± 21.5 min vs 168.8 ± 20.5 min, p = 0.001) and less estimated blood loss (77.4 ± 30.7 mL vs 85.9 ± 35.5 mL, p = 0.020). Although the stoma had larger average diameter in the experimental group than in the control group (4.7 ± 0.5 cm vs 4.0 ± 0.6 cm, p < 0.001), stoma-related complications (including infections, retractions, bleeding, and edema) were not increased. Four cases in the experimental group suffered from parastomal hernias, but they recuperated after the procedure to close the ileostomy. No patients suffered from positive distal margin complications or CRM in either group. Thus, the results of the present study support the safety and efficacy of this procedure.
In this study, we would like to emphasize that a single-use incision protector should be used to protect incision from pollution or cancer cell implantation when taking out the surgical specimen via the incision, and the ileostomy incision should not be too small so that the specimen is squeezed. It is also crucial to stress that, when suturing the skin and intestinal wall, the stoma should be constructed to avoid retraction ( Figure  1A ). In addition, the descending colon should be dissected and fully freed up to ensure enough length is available for re-anastomosis at the margin of the proximal resection.
Although the use of the ileostomy site as the specimen extraction site has already been described in patients with inflammatory bowel disease [24, 25] , the use in rectal cancer has not been reported. This was a retrospective study, in which all the laparoscopic procedures were performed by different surgeons independently, based on their own considerations, preferences and clinical judgement. Therefore, bias may exist. However, we have included a large sample and a long follow-up time. In addition, the two groups were well balanced in clinical characteristics and pathological findings which may have influenced the results. We hope that further randomized prospective controlled trials will be conducted to confirm our results in the near future.
In conclusion, surgical specimen extraction via a prophylactic ileostomy procedure represents a secure and feasible approach to laparoscopic rectal cancer surgery, and embodies the principle of minimally invasive surgery.
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Research background
A vertical or horizontal incision in the lower abdomen about 5 cm long was 
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utilized to extract the specimen, and then a circular incision about 4 cm in diameter was made in the right lower quadrant to complete the ileostomy for rectal cancer patients who accept prophylactic ileostomy. With ongoing developments in minimally invasive surgery, we tried an innovative method that involved surgical specimen extraction through a prophylactic ileostomy procedure so as to avoid making a vertical or horizontal incision in the lower abdomen. This procedure has not been reported in rectal cancer patients.
Research motivation
The purpose of this study was to compare and analyze the short and longoutcomes of surgical specimen extraction via a prophylactic ileostomy procedure vs a small lower abdominal incision procedure. The significance of this study is to inaugurate a more minimally invasive method for rectal cancer patients who accept prophylactic ileostomy.
Research objectives
The study aimed to evaluate the safety and feasibility of surgical specimen extraction via a prophylactic ileostomy procedure in patients with rectal cancer.
Research methods
Rectal cancer patients who accepted laparoscopic anterior resection and prophylactic ileostomy were systemically reviewed from June 2010 to October 2016 in our institution. Clinical characteristics, operative outcomes, pathological outcomes, postoperative complications, and follow-up information were collected and analyzed using SPSS version 21.0.
Research results
The results showed that mean operative time was significantly shorter in the experimental group compared to the control group (p = 0.001). Mean estimated blood loss was significantly less in the experimental group (p = 0.020). The pain reported by patients in the experimental group was significantly less than that of the controls during the first two days after surgery (p < 0.001 and p = 0.012, respectively). Postoperative complications did not increase. The estimated 5-year disease-free survival and overall survival rates were similar between the two groups (p = 0.671 and p = 0.645, respectively).
Research conclusions
Surgical specimen extraction via a prophylactic ileostomy procedure represents a secure and feasible approach to laparoscopic rectal cancer surgery, and embodies the principle of minimally invasive surgery.
Research perspectives
In this study, we would like to emphasize that a single-use incision protector should be used to protect incision from pollution or cancer cell implantation when taking out the surgical specimen via the incision, and the ileostomy incision should not be too small so that the specimen is squeezed. This was a retrospective study, and bias may exist. We hope that further randomized prospective controlled trials will be conducted to confirm our results in the near future.
